2246197 1 DETECTI ON AND | MAG NG I N Bl OCHEM CAL ASSAYS 5
USI NG PHOSPHOR SCREENS Thi's invention lies in thefgeneral fiedeof f

bi ocheni cal assays and detection nethods, with a focus.gn nethods o

| abel i ng species and detecting the labels. 1In 10 %%fff%&ﬁéFﬁiﬂﬁa

i nvention relates to macronol ecul e detectionlinvolving;nonlsotoplc

| abel I ifrg methods. A procedure essential to all nolecular biology 15 _
| abor ateties is the detection and i nmagi ng of macronol ecules. This is used:
i.n protein assays, DNA sequencing, gene mapping, and any nunber of other
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unStab|i550|f£.8g§toiie% is the detection and imaging of macromolecules.
This is used in‘protein assays, DNA sequencing, gene mapping,
and any number of other experiments and determinations. The
most common method used is by tagging or labelling the molecule
or sequence of interest with a radiocactive species, then

20 recording an autoradiographic image of the radioactive emission
on x-ray film.

Disadvantages associated with the use of radioactive
species are that they present a handling hazard to the
laboratory technician, they are difficult to dispose of, and

25 their radioactive decay requires that they be periodically
replaced with fresh materials. Labels which do not involve
radioactive species are not readily translated into spatial
‘images on a film or screen, and are generally of lower
sensitivity than their radioactive counterparts. .

30 X-ray films also have their limitations. The dynamic
‘range of a typical x-ray film is about fiftyfold, which limits

- ' the degree to which one can obtain quantitative information

from the film. Also, long exposures are generally required to

: ~ obtain a satisfactory image, due to the limited sensitivity of
35 the film to the B-particle emissions used in most radioactive

labels. 1In addition, variability is potentially introduced in
the development of the film, since this requires a number of
steps involving unstable solutions.



A nmet hod has now been devel oped for using phosphor screens in conbinpation
with chem | um nescence to detect and 5 i mage nacronol‘ecules, replacing the
need for radioisotopes. The nmacronol ecul es may now be sel ectively |abelled
with a species which induces a chem | uninescent reaction in a substrate,
and the substrate exposed to a phospho2 screen, which:is capable of:
responding to the chem | um nescent enmssion 10 and indicating jts s
occurrence in a readily detectable manner. The use of the substrate a§3an
i nternedi ate el enent between the |abel and the filmor screen pernlts ne
to control the formation_qf the image and the- nten5|t of t he sjgnal and
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Furt her advanta es. i nc]ude the fact phos 0 not require
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he draw ngs, | C IS a representation
exb§r|rh;ﬁaggngﬁugquoactive materials. Furthermore, the substrate is
in liquid form, which provides further advantages in terms of
enhancing its contact with the label, and in offering further
parameters for use in controlling and forming the image, such
parameters including concentration, light transmissivity and

20 the ability to accomodate variations in the physical -

U

arrangement and configuration of the solid elements of the
systen. _ _ _
The use of the phosphor screen provides an image with
- a high degree of sensitivity, contrast and reproducibiiity with
25 relatively short exposure times. Further advantages 1nc1ude ;J
the fact that phosphor screens do not require chemical
treatment to be readable, and that they can trap a
chemiluminescent emission upon receiving it, and retain the
energy of the emission until stimulated by an external source
30 such as infrarednlight whereupon the screen releases its own
corresponding emission. '
Other features, advantages and preferred embodlments
of the invention will be apparent from the description which

follows, making particular reference to the drawings, in which:- %
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in accordance with the present invention, in which a macronol ecul ar

i mobi | i zation pattern is transfered to a 5 phosphor screen. FIG 2 is a
representation of an optical systemfor generating and detecting signals
whi ch transl ate the pattern on the phosphor screen to a visually readable
form 10 Basic elenents of the invention are3the |abel, the
chem | um:nescent substrate and the phosphor screen. This detailed
di-scusg®dn will begin with a description of the | abel 15 and

chem | um nescent substr@ie®,; Ihes!| AbpbpRRLehbat SURSEHE AR egﬁg%%¥agonduéted'

materials tending to produce, a chem |'Um nescent em Ssion upon t

i ncl udi ng t hdhidReaxgange with jthe presenk inventieneninuwhiebcance art.

The | abel anshaddromolwdukde tmyobiDiza0isnpRteerheiscephnstareli ¢b aonbi ne
tat e whi ch spont aneously degenerates to the ground

to form ex?ée%;
state with t REPREFG®E 11 uorescent or phosphor escent em ssion, or
reactants whi ch conbi neFlG. faris aan representatbonhofhanecoptpcatssystem for

spont aneousl [ | C hé,_sang :
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cont ai ned i nthiee Phagphar Screen stosa reisually ceadablectoom. nay be a -
single species and the reaction either a conversion or deconposition

entaili an em ssion, or the substrate nay be a m xture of 30 species

which e r into a reaction which results in the em ssion. For B
substrate-contai ned reactions, the |abel may be a catal yst or an enzyne.
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1 and chemiluminescent substrate. :
The label and the substrate may be any materials
tending to produce a chemiluminescent emission upon contact,
including the wide variety of speciés known in the
chemiluminescence art. The label and the substrate may, for
20 example, be reactants which combine to form an excited state
which spontaneously degenerates to the ground state with the
release of a fluorescent or phosphorescent emission, or
reactants which combine to form an intermediate which
decomposes spontaneously to an excited state which then
. , 25 undergoes the same conversion and energy release.
Alternatively, the reaction may be entirely contained in the
substrate. The substrate in such a reaction may be a single
‘species and the reaction either a conversion or decomposition
entailing an emission, or the substrate may be a mixture of
- 30 species which enter into a reaction which results in the
emission. '
= | ' - For substrate-contained reactions, the label may be a
catalyst or an enzyme. Catalyst and enzyﬁe labels are
preferred, particularly enzyme labels, due to their successive
35 and continued interaction with the reactant substrate
molecules. This permits emissions to continue for prolonged
- periods, thereby facilitating recordation and detection, and
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involving luminol (3-am1nophthalhydraz;de) and its analogs, and
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organometallics such a p-chlorophenylmagnesium bromlde.:

Particularly preferred reactions are 1,2-dioxetane .
decomposltlons regulated by enzymes. - Compounds contaxnxng the;

1,2-dioxetane group as well. as an ester group of an.
orthophosphoric acid are an example of one class of . compounds
meeting this description.. Decomposlt;on_of these compounds is
catalyzed by a phosphatase. One particular example is the
substrate 3- (2'-splroadamantane)-4-methoxy-4-(3"-

' phosphoryloxy)phenyl-1,2~dioxetane with the enzyme . alkallne

30

35

phosphatase. The former is commercially available from Trop;k '

Corporation, Bedford, Massachusetts, and from Lumigen

Corporation, Detr01t, Michigan, and the latter is comercially

available from a wide range of sources. _

The substrate_will_be in the liquid phase. _
Accordingly, the most convenient substrates will be water-
soluble substances, and the liquid phase will be an_aéueous

solution. It is understood that the amount of substrate which

will undergo the reaction may not be readily determinable,
since the presence and amount of macromolecular species, and
hence attached label, may not be known. Nevertheless, one
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5 woul d seek to include an excess of substrate, based on either the
expect ed anount or upper l'imt-of macronol ecul ar species being detected, so
that all |abel imuobilized by attachment to the nacronol ecul ar species
enters into the reaction and the 5 Ilevel of em ssion can be rélated to the
anount of label. Wth catalyst or enzyne | ab8ls, a‘'large excess of
substrate_is preferred, such that chen1|un1nescent light em ssions wll
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15 of phosphors may be used. The proper selection in each
particular application will depend on the chemiluminescent
material, the phosphors being selected to receive and respond
to the emission produced by the particular chemiluminescent
material. _ .

- 20 Phosphors used in the practice of the invention may

' be selected from the full range of materials known to possess
the capability of phosphorescence. In general, these are
materials which absorb light and enter an excited state as a
result, then undergo relaxation to the ground state while

Y 25 emitting light, either at a different intensity or frequency or
over a different time scale, or both. Materials meeting this
- description include natural minerals, biological compounds and
synthetically prepared materials and blends. Examples are
metal halophosphates such as Cas(Po4)3(F,Cl):Sb(III),Mn(II),

30 Srg(PO,)5(Cl):Eu(II), Sry(PO,),(F,Cl):Sb(III),Mn(II) and -

[SrEu(II)]5(204)3C1: other rare-earth-activated phosphors such
- - as Y¥,05:Eu(III), SrB,0,:Eu(II), BaMg,Al, 0,,:Eu(II),
' Y(VO4):Eu(III), Y(VO4)PO4:Eu(III), Sr2P207:Eu(II),
SrMgP,0,:Eu(II), Sry(P0,),:Eu(II), SrgySi,C1.0,,:Eu(II),

35 Ba,MgSi,0,:Eu(II), GAOS:Tb(III), LaOS:Tb(III), LaOBr:Tb(III),
LaOBr:T™m(IIXI) and Ba(F,Cl)Z:Eu(II): other aluminate-host
phosphors such as Ceo.ssTbo.35“9A111°19’ silicate-host

- phosphors such as-ZnZSiO4:Mn(II); and fluoride-host phosphors



LaOBr: Tn(I11) and [err]; other alum nate-host phosphors such as [err];
silicate-host phosphors such as[err]; and fluoride-host phosphors 6 such
as [err]; and [err] O particular interest are phosphors which remain in
the excited state until released by external stinmulation. 5 These include
many of those |listed above, plus other6. Preferred exanples are al kaline
earth metal sulfides and sel eni des, doped,w th samari um and eur opi um or.
ceri umsnehicas s¥y, {468 @12 §EX@; 6 %3 - P f sE¥PEL 168Rp2paFRE anﬂusabke\sqgg
such asylithiywnflupgide Ppariumsulfate or both serving as a flux. 10
Lists arfr@R3crPpdPon®-¥'sdich paterial's are found in Upited States,Patent
Nos. 4,812, 660 (N\NeF pAEkiculan)intexest axe pRpFPhors vBich zgma ngdp g75
(May 1l6thd 989gitéd stacenyeril Jreléased clsyCexpernalostimadabioh.which is
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about 36Rwamtex Berporabion) predch of ywhich isoincorparatedabereisobim Yod
be usedreflrence. The stiful'®€ioh WhXEH PEPERLEEStheO8RRIEY Way'b@ in
corresponding mxture of |abel/substrate systggs gresent .

15 the form of heat or electromagnetic radiation, such as visible
light, x-rays, ult:aviolet'radiation and infrared radiation,
~depending on the type. of phosphor. : o _

The substrate and phosphors will be selected to emit
and absorb, respectively, at the same wavelength, thereby .

20 complementing each'other in terms of energy emission and

response. The energy of a single'emission,will generally be in
the form of a wavelength band, the width of which is not
critical in the general.senSe. In certain applications, as
described in more-detail.below,.narrowly;defined band widths

25 will serve specific,functions; As for the actual wavelengths -
of the emissions, in most applications within the contemplation
of this invention;“emissiona-Vithepeak wavelengths falling
within the range of about 350nm to about 700nm, preferably from
about 400nm to about 600nm will be used. - | _ |

30 The_use'of mixediphosphors,-together with a
corresponding mixture Ofslabel/subStrate systems, presents
further opportunities for enhanced use of the invention. For
example, luminol, a common currently available chemiluminescent
substrate, emits light at 428nm when activated, and various .

35 naphthyl dioxetane isomers'ourrently-available emit light at -
wavelengths varying from 463nm to 560nm. Of the various
phosphors availableufrom Quantex Corporation, the phosphor
designated Q-16 will reépond to wavelengths of 470nm but not



further opportunities for enhanced use of the invention. For exanple,
tum nol, a comon currently avail abl e chem | um nescent substrate, enits
light at 428nm when activated, and various 35 naphthyl di oxetane isoners
currently available emt |ight at wavel engths varying from463nmto 560nm
O the various phosphors available from Quamtex Corporation, the phosphor
designated Q16 will respond to wavel engths of 470nm but not 7 hi gher,
whi | e \L,he pretgher, delhileathd ﬁhéﬁphbbldesignaﬁeﬁo@w&?ehdﬂgthssm@nﬁbtabout

600nm Wth eﬁggﬁeggegghg stgo ﬂ%dsﬁﬂnﬁ single screen, or any ot her

conbi nati on | arly |scr|n1nate one can 5 wuse multiple
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| i ght en1SS|Q % ?*Qécguﬁgﬁrgiﬁeﬂix%g the Q42 light em ssions, which are
g e

orange, throu use o *a further exanple of conblned
systems@tilizing the $incenthenpbaepbersnwidd shemsedvesmepite light Wt h

both chemi | mgefﬁeetwaoeléﬁgtagct aigceininheidn Andthe ead-Bvt ptocess

system For exa nuclelc acid nole ules or oth
macronol ecul B3Y ya5E1?§§ WAt Nax P&HePfSUPNsas &Rg g%ﬁhtase

whi chi nducepast iGeTar upeadsoatt pregessonused.t huaugsummwmmm for
s e v TLBbLet, 00T o\ Rl 9 e
m xed pASsphbet¥eenctheu@hléslightienisdiQns? wbichnareogreen,t land theuQrd2
Since the Q f#2-NP0sRNQE1bAs, "aRleh! a¥e bPahle,[ €hirbugh the use of filters.
As a further example of combined systems utilizing
the present invention, mixed phosphors may be used with both
chemiluminescent and radioactive emissions in a multi-signal
20 system. For example, one set of nucleic acid molecules (or
other macromolecules) may be tagged with a label such as
alkaline phosphatase which induces a chemiluminescent reaction
in the substrate, such as one which emits light at 600nm, and
another set tagged with phosphorﬁs-sz,-or some other -
kgpzs 'radioisotope, which emits 8 radiqactive emissions. A mixed
phosphor screen such as a Q-16 and Q-42 combination may then be
-used. Since the Q-42 phosphor is insensitive to the 8
radioactive emissions, those macromolecules tagged with
phosphorus~32 would be imaged only by the Q-16. The Q-42
30 phosphor would however be sensitive to the 600nm emissions from
the chemiluminescent substrate. A photomultiplier tube could
- discriminate between the light emissions from the two phosphors
in the manner described in the preceding pafagraph.
The use of mixed phosphors in these and other
35 combination systems permits an unlimited variety of- comparisons
' and discriminations. For example, one can discriminate between
distinct groups of macromolecules in a single sample or cbmpare



radi oacti ve em ssions, those macronol ecul es tagged wi th phosphorus-32 woul d
be imaged only by the Q16. The Q42 30 phosphor woul d however be
sensitive to the 600nm em ssions fromthe chem | um nescent substrate. A
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the two phosphors in the manner describ®d in the preceding par agr aph. The
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glass or a plaStICTm&CtéEmtﬁimﬁoﬁﬁIized“ is used in this specification

to denote retention of a species in a fixed location on a non-

liquid surface or matrix, in a manner by which the species wzll
not become dislodged or unattached upon contact with the .

20 liquid-phase chemiluminescent substrate. . The non-llqnid__

surface or matrix may be a slab gei.such-asﬁa polyacrylamide or

- agarose gel, a blotting membrane such as,nitrocellulose_o: |
. derivatized nylon, or a solid surface_such.as coated glass or a
plastic microtiter plate. _ - : -

25 : Selective tagging of the macromolecule of interest T
with the label may be achieved by any of. the various means g
known in the b10chem1ca1 art. The attachment may be a covalent
bond, an_affinity—type_bond, a hydrophobic,interact;on, a.
hybridization-type interaction or,any.other means. of

30 attachment. Selectivity may be inherent in the means of

... attachment, as in co#alent,_hydrophobic and;hybridization_
interactions, or it may be thelxesult of immunological-type
binding specificity or other specific binding behavior.
Preferred interactions are'hybridization interactions such as | ;

35 . the use of DNA or RNA probes, and specific binding o
interactions, such as antlgen-antlbody interactions and avidin-
biotin 1nteractlons.



25 . Sel ective tagging of "'the macronol ecule of interest with the
| abel may be achi eved by any of the various neans known in the biochen cal
art.., The attachnment nmay be a coval ent bond, an affinity-type bond, a

hydr ophobi c interaction, a hybridization-type interaction or any other
means of 30 attachment.® Selectivity may b@ inherent in the means of
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forns a wel Isuledtrete ] neifeh the solid phase thus immersed in it, is exposed
to the surface of the phosphor screen, and held so for a
- sufficient length of time to record or detect the emission
pattern. This is preferably done through a transparent liquid-
20 retaining barrier, with the solid phase and the screen in
sufficient proximity that the latter forms a well-defined image
closely representative of the source array on the solid phase.
A convenient arrangement is one in which the solid
_ phase is placed in a shallow enclosed receptacle filled with
. 25 the substrate solution such that the macromolecule pattern
faces a transparent wall of the receptacle with a thin layer of
the solution in between. The screen is held against the
"opposite side of the wall for the length of time referred to
above. Minimum and optimal durations are matters of routine
30 experimentation which will be readily apparent to or
determinable by those skilled in the art.
This invention has utility in a wide range of assays
'ahd-laboratory procedures. Notable examples are protein
assays, antibody assays, screening procedures, dilution
35 studies, DNA sequencing, and gene mapping. Other applications
will be readily apparent to those skilled in the art.
Turning now to the drawings, FIG. 1 is a
representation of one method of cauéing a chemiluminescent



closely representative of the source array on the solid phase. A conveni ent
arrangenent is one in which the solid phase is placed in a shallow encl osed
receptacle filled with 25 the substrate solution such that the

macr onol ecul e pattern faces a transparent wall of the receptacle with a
thin layer of the solution in between. Xhe screen is held against the
opposite side of the wall for the |length of time referred to abqve. M pi num
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general description above, the label is preferably an enzyme
label, and the substrate solution preferably contains enough
substrate to cause emissions to continue for at least 24 hours.
' A phoSphdr_screen 16 is placed'dver the plastic bag
20 15, directly above the immobilization pattern on the-suppért,
and held in this position for a sufficient period of time'to
receive sufficient emission to be detectable and yet show -the
same spatial arrahgément as the immobilization patterﬁ on the.:
support. The phosphor in this'illust:étion'is one which traps .
25 the energy of thefemission, andgreleasesqitsohly when y e
stimulated with an external source such as infrared light. ~
. .Once the éhosphors on the screén 16 are Suffiéiently
‘excited, the screén;is removed from contact with the plastic:
bag 14 and placed in the optical arréngemént shown in FIG. 2.
30 To permit a full.ﬁwp-dimensional'scan-of.the screen, the. screen
is placed on a translating apparatus 21 which provides.
translation aiong_thé x- and y-axes. The x-stage translator
component 22 and the y-stage translator component 23 of the
apparatus aré-drivén by an x-y translator controller 24. ,
35 The phoSphor_screen.ls"is-stimdlhted by light energy
originating from'éﬁfinfrared 1aser‘25jsﬁch as, for example, a
Nd:YAG laser emitting-;ight at 1064ﬁm;_ The beam leaving the
laser is collimateq.thfough collimating lenses 26 and deflected



substrate to cause em ssions to continue for at Ieast 24 hours A phosphor
screen 16 is placed over the plastic bag 20 15, directly above the

i rmobi | ization pattern on the support, and held in this position for a
sufficient period of time to receive suffl&ient enission to be detectable
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t he pr eserh;e,cdxmantbmallobmipméntf and instrumentation well known and
widely used in molecular biology laboratories. It is
emphasized once again that this arrangement merely illustrates

20 one method of practicing the invention. Others will readily

come to mind to the routineer seeking to adapt the concept to a
particular system, environment or available components.

_ The following example is offered for purposes -of
"5 illustration. It is intended neither to define nor limit the
invention in any manner. '

"EXAMPLE
A DNA strand was synthesized in a manner in which a
30 limited number of UTP nucleotides with biotin molecules
covalently attached were used in place of TTP nucleotides in a
random primer labelling reaction. A dilution series of the DNA
was then prepared, and a drop of each dilution was placed as a
dot on aIZeta-ProbgMcationized nylon membrane (Bio-Rad
35 Laboratories, Hercules, California). The resulting dots
contained 100pg, 10pg, 1lpg, 0.1pg and 0.0lpg, respectively.
The membrane was then incubated with a steptavidin-ApP
conjugate, with result that the DNA in all dots was labeled



15 rmacronol ecul e i nmobilized on the support phase 11 of FIG 1. Al
conponents in this illustration may be supplied by conventional equi pnent
and instrunentation well known and w dely used in nol ecul ar bi ol ogy

| aboratories. It is enphasized once aga| n that this arrangement nerely

il lustrates 20 one nethod of pract|C| kg the invention. Ohers will
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on an alumina substrate, in the same manner as the x-ray film,
and likewise exposed for ten minutes. The screen is composed
of a base of strontium sulfide, with samarium and cerium oxide
as dopants, and barium sulfate and lithium fluoride as fluxes,
20 with infrared sensitivity of 1120nm to 1220nm, a light emission
curve peaking at 510nm, ‘and is charged' by light at 470nm.
After the exposure,- the screen was Subjected"tc infrared laser
scanning, using the apparatus depicted in FIG. 2. The results'

¢

—~u3y

indicated -that' the phosphor screen was capable of clearly
25 imaging the 100pg, 10pg, 1pg and 0.1lpg dots, but not the 0.0lpg -~

dot. V

The foregoing is offered primarily for purposes of
- illustration. It will be readily apparent to those skilled in
30 the art that _furtLher variations, alternatives, substitutions
and the like may be made without departing from the scope of -
the invention as claimed in the accompanying ¢taims.



detected, while no image of the 0.01pg dot could be detected. The sane

pl astic bag and contents were then placed 15 against a Quantex Q 16
phosphor screen that had been prepared on an alum na,  substrate, in the same
manner as the x-ray film and |ikew se exposed for ten mnutes. The screen
is conposed of a base of strontiumsulfidel3w th samarium and ceri um oxi de
as dopants, and bariuymsulfate and lithiumfluoride as fluxes, 20 wth

i nfrangd sensitivity of 1120nmto 1220nngRrE ght i em ssi on curve peaking. at
510nm and is charged by light at 470nm™—AfTer the exposure,, the screen was -

subjected to infrared | aser. scanni usi ng the apparatus_depjcted in FIG
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sai d met hod conprisi nuksbrateiectively tagging said macronol ecules with a
speci es capabl e of induci ngy chfrdding nesi®hatrix, with saigaction in a

| i qui d- phase chem | um_nescent sutiiﬁtif ate;fné b% ‘gl afi [? sai d maiu"xg w th said
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chem | um nescent substlrixhrid-phask ccheliluminescent ssubsthate! toi hndaeet
reaction,(c) while sg | Xs | | qui d- € chem | um nescent

sub tr'-a'?teO are thus i naéca?r&l{%ﬁe%ﬁ%gesﬂg }L%éljc(qﬁ?%?bhase chem | um nescent
subss‘f/fate to a phosphor scrisn twhideisaidimahix andecsaid liguid-phase

chemiluminescent substrate are thus in contact,
exposing said liquid-phase chemiluminescent substrate
to a phosphor screen to excite phosphors thereon and
15 ~ thereby form an image corresponding to said
macromolecules on said matrix; and
(d) detecting said image as an indication of
the presence of said macromolecules on said matrix.

2. A method in accordance with claim 1 in which
said liquid-phase chemiluminescent substrate emits, and said
phosphors are excited by, light of at least one wavelength

U within the range of from about 400nm to about 600nm.

3. A method in accordance with claim 1 or claim 2 in which
said macromolecules on said matrix comprise a plurality of
distinct groups; step (a) comprises selectively tagging each
said group with a distinct label; step (b) comprises placing

5 said matrix in contact with a liquid-phase mixture of a
- plurality of chemiluminescent substrates, each said substrate
selectively inducible by one of said labels to undergo a
chemiluminescent reaction emitting light at a wavelength
~distinct from that of other said substrates; and said phosphor
10 screen of step (c) contains a mixture of phosphors, each said
phosphor selectively excitable by light at one of said

wavelengths. ~
R R Y




15 t hereby form an i mage corresponding to said nmacronol ecul es on
said matrix; and (d) detecting said image as an indication of the presence
of said macronol ecules on said matrix. 2. A nethod in accordance with claim
1 in which said |iquid-phase chem | um nescent substrate emts, and said
phosphors are excited by, light of at 14ast one wavel ength within the range
of from about 400nmto about 600nm 3: -A method in accordance w.th clapm 1
or claim2 in whi ch sai d nmacronol ecul es on said matrix corrprl se a pLurwty

of distinct group stg l'ﬁ'l éﬂr?xgé d group
with a distinct |abel; step b?pgorrprl ses aci sal r|x |n cont act
with ainiwpirh-stigdstmagecefteni(q) ps @ APWV— é!‘a%eﬁm" lﬁﬁeﬁe@ent substrates,
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by |ighte eﬁ%?cﬂ]lé? ggvpgfé &;‘%. %ima A met hod i'n actordance with

any one I'n wh ge of step (c) is a latent inage,
and step (d).-conprises stimul at| ng sai d phosphors by -el ectromagnetic

radi ation consistigg ofy Mol f hiSRidanke VAXH ar bhe\GfOLEdink §agi ation or

i nfrared radj atlo enerate signals represe tlve of .sai.d | atent inage.
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phosph(}r eles tﬂ],_[ a transparent liquid- * retaininng barrier. 6. A
met hod “i'n accortdance Wth any preceding claimin which said species of | 4
step (a) is conjugated to a binding nenber susceptible to an affi nity-ty[\a'EJ

bi ndi ng i nteracti o, W WSl {IPGEAIREREHAth ARF pibeRik?) AAERiSes
contacti n‘% sai d bi ndi ng
said species of step (a) is conjugated to a binding member

susceptible to an affinity~type binding interaction with said

macromolecules; and st'ep (a) comprises contacting said binding |
5 member and said matrlx to bind said binding. member to any of |
said macromolecules present on said matrix.

7. A method in accordance with any pfeceé_h‘ngclaim in
" which said species of ‘step (a) is a phosphatase, said
chemiluminescent react:.on is an enzymatic reaction and said
chemllumlnescent substrate is one in which said - o
5 chemllumlnescent reaction is rate enhanced by a phosphatase. \U

8. A methiod in accordance with any precedmg claim in
which said lJ.un.d-phase dlanllmnm&scent substrate is an aqueous. _
solution of a water-soluble compound capable of undergoing a
chemiluminescent reaction.

9. a method in accordance with any oreceding claim in_ | o )
which said matrix is a membrane with said macromolecules immobilised
thereon in a pl'anar:.array, in which said liquid-phase _ s
chemiluminescent substrate is retained in a receptacle having a
5 planar transparent wall, step (b) comprises imm_ersing said |
membrane in said reéeptacle with said planar array of
macromolecules adjacent to said planar-transpar_ent_: wall, said

‘AR O R n




5 nenber., and said matrix to bind said bindi ng nénbérsto*ants of said*

macr onol ecul es present 6n said matrix. 7. A nethod in accordance with any

preceding claimin which said species of step (a) is a phosphatase, said -

chemi | um nescent reaction is an enzynati &5reaction and said

chem [ um nescent substrfate is one in which said 5 chem | um nescent
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